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is	 inherently	 adaptable	 to	 changing	 climatic	 and	 chemical	 conditions.	
Nevertheless,	 siting	 of	 marine	 aquaculture	 operations	 is	 subject	 to	 competing	
environmental,	 economic,	 and	 social	 demands	 upon	 and	 priorities	 for	 ocean	
space,	while	some	forms	of	marine	aquaculture	can	impose	other	externalities	on	
marine	 systems,	 such	 as	 pollution	 from	 wastes	 (nutrients)	 and	 antibiotics,	
consumption	of	wild	 fish	as	 food,	and	 introduction	of	non-native	or	genetically	
modified	 species.	 As	 a	 result,	 governmental	 policy	 decisions	 to	 promote	 both	
marine	aquaculture	that	can	adapt	to	a	changing	ocean	and	adaptive	governance	
for	 that	 aquaculture	 can	 become	 contested,	 requiring	 attention	 to	 their	 social	
legitimacy.		
	
This	 article	 explores	 how	 the	 law	 can	 promote	 the	 adaptability	 of	 marine	
aquaculture	 to	 climate	 change	 and	 ocean	 acidification—adaptive	 marine	
aquaculture—while	 still	 preserving	 key	 rule-of-law	 values,	 such	 as	 public	
participation	 and	 accountability.	 Perhaps	 most	 obviously,	 law	 can	 establish	
substantive	 requirements	 for	 marine	 aquaculture	 that	 minimize	 its	 impacts,	
promoting	marine	 resilience	 overall.	 However,	 to	 foster	 truly	 adaptive	marine	
aquaculture,	 including	 adaptive	 governance	 institutions,	 coastal	 nations	 should	
also	procedurally	reform	their	marine	spatial	planning	efforts	to	legally	connect	
the	procedures	 for	 aquaculture	permitting,	marine	 spatial	 planning	 (MSP),	 and	
adaptive	management.	 One	 goal	 of	 such	 connections,	moreover,	 should	 be	 to	
mandate	new	forums	for	public	participation	and	creative	collaboration,	promote	








increase,	marine	 aquaculture,	 the	 controlled	 and	 generally	 confined	 raising	of	marine	plants,	
 Electronic copy available at: https://ssrn.com/abstract=3398412 
	 2	







facilities,	 what	 kinds	 of	marine	 aquaculture	 to	 prioritize,	 and/or	 how	 to	 control	 or	minimize	
aquaculture’s	environmental	impacts.	Environmentally,	for	example,	while	salmon	aquaculture	
can	 produce	 significant	 pollution	 and	 escapement	 problems	 [7-8],	 not	 all	 types	 of	 marine	




operations	 use	 unmodified	 native	 species.	 In	 addition,	marine	 aquaculture	 facilities	 can	 also	
occupy	considerable	space	[3-4].	Some	of	the	newest	net	pens	for	finfish	aquaculture	(such	as	
for	 raising	 salmon)	 encircle	 91,000	 cubic	meters,	well	 over	 3	million	 cubic	 feet,	 of	 the	water	
column	and	have	a	circumference	of	240	meters	(about	787	feet)	[11].	The	expansion	of	marine	
aquaculture	 can	 thus	 result	 in	 marine	 crowding	 problems,	 and	 the	 siting	 of	 aquaculture	
operations	 is	 subject	 to	 competing	 environmental,	 economic,	 and	 social	 demands	 upon	 and	
priorities	regarding	ocean	space,	including	food	security,	traditional	and	commercial	wild-caught	
fishing,	marine	protected	 areas	 and	other	 protections	 for	 environmentally	 sensitive	 and	high	
















general	 implications	 for	 marine	 governance	 [12-13].	 Aquaculture,	 however,	 may	 become	 a	
particularly	 fruitful	 focus	of	adapting	ocean	governance,	because	much	marine	aquaculture	 is	
inherently	 adaptable	 to	 changing	 climatic	 and	 chemical	 conditions.	 While	 most	 popular	
conceptions	 of	marine	 aquaculture	 focus	 on	 salmon,	marine	 aquaculture	 production	 already	
includes	a	variety	of	species,	including	finfish	(e.g.,	salmon	and	European	sea	bass),	mollusks	(e.g.,	
mussels,	clams,	and	oysters),	crustaceans	(e.g.,	crabs	and	lobsters),	sea	turtles,	sea	cucumbers,	




for	 different	 regions”	 [17].	 The	 wide	 variety	 of	 species	 available	 for	 marine	 aquaculture	
potentially	 allows	 producers	 change	 species	 as	 local	 ocean	 temperature	 increases	 or	marine	





Mexico,	 Norway,	 and	 the	 United	 States	 [20],	 and	 Chile	 specifically	 is	 considering	 shifting	 its	
aquaculture	zoning	further	out	to	sea	[21:	174].		In	addition	to	simply	providing	more	space,	an	
open	ocean	 location	can	protect	the	aquaculture	facility	from	coastal	pollution	[20],	 including	
increasing	 coastal	 runoff	 as	 a	 result	 of	 climate	 change	 [19];	 reduces	 the	pollution	 impacts	 of	
finfish	 aquaculture	 [22];	 and	 “releas[e]	 the	 coastal	 zones	 for	 other	 activities	 like	 artisanal	


























marine	 spatial	 planning	 (MSP),	 which	 in	 many	 nations	 and	 sub-national	 governmental	 units	
(states	and	territories),	has	become	the	legally	sanctioned	process	for	allocating	marine	space	[3,	
27]—including	for	marine	aquaculture	[5,	21,	28].	Informed	by	work	in	adaptive	management,	
adaptive	 governance,	 and	 resilience	 theories,	 a	modified	 procedural	 approach	 to	MSP	 could	
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foster	 socially	 legitimate	adaptive	marine	aquaculture	as	well	 as	new	 institutions	of	 adaptive	
governance—that	is,	governance	institutions	for	marine	aquaculture	that	both	allow	the	industry	
to	adapt	to	changing	ocean	conditions	and	increase	the	industry’s	ability	to	accommodate	other	
marine	uses	and	goals.	While	of	 course	no	one	model	 law	or	 statute	can	possibly	work	 in	all	
coastal	 countries	 or	 in	 all	 of	 the	 social,	 ecological,	 and	 regulatory	 contexts	 in	 which	marine	







achieve	 the	 chosen	 goals,”	 while	 “environmental	 governance”	 denotes	 the	 more	 specific	













and	 complex	 social-ecological	 systems	 [3-4,	 12-13],	 and	 adaptive	 governance	 is	 of	 growing	
interest	 to	 researchers	 into	marine	 governance	 [31-32].	 Indeed,	 a	 number	 of	 factors	 render	
management	of	marine	space	increasingly	unpredictable,	including	population	growth,	climate	









at	 different	 temporal	 and	 geographic	 scales	 interact	 with	 each	 other,	 a	 model	 of	 system	
complexity	that	Gunderson	and	Holling	[43]	termed	“panarchy.”		
	
	 Resilience	 theory	 embraces	 a	 normality	 of	 change	 [42,	 44].	 It	 distinguishes	 ecological	
resilience—that	is,	the	capacity	of	a	system	to	absorb	and	adapt	to	disturbance	without	changing	
into	a	different	state	of	being—from	engineering	or	“bounce	back”	resilience,	a	system’s	ability	





and	 other	 kinds	 of	 threshold	 crossings.	Marine	 systems	 like	 coral	 reefs	 [44,	 46-49]	 and	 kelp	
forests	[50-51]	have	undergone	phase	shifts	as	a	result	of	overfishing,	loss	of	key	species,	and	
other	changes	in	the	ocean	[31,	41,	44,	52].	In	the	Anthropocene,	climate	change	[31,	44]	and	
ocean	 acidification	 [53]	 intensify	 the	 dynamism	 of	 marine	 systems,	 generally	 reducing	 their	















exists	 regarding	 most	 marine	 systems	 and	 their	 responses	 to	 overfishing,	 pollution,	 climate	
change,	 and	 ocean	 acidification,	 among	 other	 stressors	 [58-60].	 	 Second,	 many	 human	
interactions	with	marine	systems	(e.g.,	fishing,	marine	aquaculture,	oil	and	gas	exploration	and	
development,	and	coastal	development)	are	controllable	[54,	56-57,	61]—although,	admittedly,	
the	 politics	 surrounding	 the	 exercise	 of	 increased	 control	 can	 effectively	 thwart	 adaptive	
management.	Third,	management	measures	intended	to	improve	a	marine	system’s	resilience	
are	unlikely	to	risk	irreversible	system	collapse	[54,	56,	62],	although	more	caution	is	warranted	
for	measures	 intended	 to	 increase	human	exploitation	 [31,	 62-63].	 Finally,	 the	ocean	 is	 both	
inherently	dynamic	[31,	54,	56,	64]	and	changing	as	a	result	of	the	stressors	noted	above	[12-13].	









change	 with	 a	 degree	 of	 uncertainty	 .	 .	 .	 and	 the	 system	 is	 approaching	 a	 potential	
threshold	 or	 regime	 shift	 as	 evidenced	 by	 increasing	 conflict	 over	 resources	 (e.g.	
litigation),	increasing	scarcity,	or	actual	identification	of	an	approaching	threshold	by	law	
or	science	(e.g.	listing	of	species)	[33:	10].	




characteristics.	 Marine	 systems	 are	 complex	 systems.	 As	 noted,	 the	 expansion	 of	 marine	





for	 adaptive	 governance.	 As	 such,	 three	 aspects	 of	 law	 become	 important	 in	 governance	 of	
marine	 aquaculture:	 structure,	 capacity	 (substantive	 and	participatory),	 and	process	 [24,	 33].	
Structurally,	the	law	governing	marine	aquaculture	should	be	polycentric,	but	it	should	also	pay	
attention	both	to	the	fitness	of	responses	to	the	purposes	being	pursued	and	to	principles	of	
subsidiarity,	 so	 that	 decisions	 are	made	 at	 the	 appropriate	 scale	 [24,	 33].	 Two	 kinds	 of	 legal	
capacity	are	important:	substantive	adaptive	capacity,	meaning	that	a	community	has	both	the	






recognized	 impacts	on	aquaculture,	polycentric	but	cohesive	 responses	 to	 the	problems	have	
emerged,	perhaps	portending	 the	 future	emergence	of	adaptive	governance.	For	example,	 in	
Puget	 Sound,	 an	 ocean	 acidification	 “hot	 spot,”	 state	 and	 federal	 government	 agencies,	
researchers,	private	producers,	non-governmental	organizations,	and	foundations	are	pursuing	
multiple	avenues	of	research	and	strategies	to	help	the	regional	shellfish	industry	adapt	to	ocean	




which	 legal	and	political	decisions	are	made	and	 implemented	 [33].	Any	 functional	 system	of	
government	must	 foster	 social	 and	economic	 stability,	but	adaptive	governance	by	definition	
requires	increased	substantive	flexibility,	putting	adaptive	governance	potentially	in	tension	with	






public	meeting	 (or,	 increasingly,	 on-line	 forum)	 requirements.	 Law	 can	 ensure	 that	 decision-
makers	remain	accountable	to	both	the	general	public	and	to	overall	social	and	legal	goals	(such	
as	 environmental	 protection	 and	maintaining	 economic	well-being	while	 adapting)	 through	 a	
variety	of	mechanisms,	including:	(1)	requirements	that	decision-makers	respond	meaningfully	
to	public	comments	before	 reaching	a	 final	decision;	 (2)	 limitations	on	discretion	as	decision-
makers	 and	 their	 agents	 implement	 adaptive	 governance	 mechanisms	 (such	 as	 adaptive	





and	 actions,	 perhaps	 with	 fee-shifting	 provisions	 to	 encourage	 this	 form	 of	 public	 interest	
litigation.	 Finally,	 legal	 procedures	 can	 minimize	 widespread	 and/or	 continual	 social	
destabilization	 by	 matching	 the	 pace	 of	 legal	 and	 governance	 change	 to	 the	 pace	 of	 the	
biophysical,	 social,	 and/or	 economic	 changes	 that	 are	 occurring	 [24,	 26,	 33].	 For	 example,	
decisions	 on	 how	 to	 adapt	 to	 sea-level	 rise	 generally	 do	 not	 need	 to	 occur	 as	 frequently	 as	
decisions	on	how	to	respond	to	intensifying	marine	pollution.		
	















However,	 carefully	 designed	 procedural	 innovations	 can	 often	 be	 equally	 effective	 in	
addressing	natural	resources	issues.		As	noted,	many	coastal	nations	are	already	engaging	in	MSP,	
the	 process	 of	 figuring	 out	 how	 to	 best	 use	 and	manage	 the	 different	 geographic	 areas	 of	 a	






used	MSP	 and	marine	 zoning	 to	mitigate	 the	 environmental	 impacts	 of	 its	 rapidly	 expanding	







transparency	 in	 planning,	 licensing,	 and	 on-going	 management	 [21:	 199]—a	 rule-of-law	
legitimacy	concern	that	is	also	key	to	government	accountability.	Similarly,	MSP	lends	itself	to	




marine	 aquaculture	 [21].	 Chile,	 for	 example,	 engaged	 in	multiple	 rounds	 of	meetings	with	 a	
variety	 of	 stakeholders	 before	 establishing	 its	 aquaculture	 zones	 [21:	 172-173].	 Stakeholder	
roundtables	and	other	interactions	among	stakeholders	and	between	multiple	stakeholders	and	







the	 legitimacy	 of	 truly	 adaptive	 marine	 aquaculture	 will	 likely	 depend	 upon	 procedural	





continually	 respond	 to	 changing	 environmental,	 social,	 and	 economic	 conditions	 while	









that	 “the	 adopted	 spatial	 planning	 and	 siting	 of	 aquaculture	 facilities	 currently	 in	 place	 is	
inappropriate”	[21:	223].		
	
	 In	 addition,	 increased	 legal	 procedural	 connectivity	 would	 often	 help	 to	 increase	 the	
adaptivity	 of	MSP	processes.	 Specifically,	 legal	 procedures	 that	 link	 adaptive	management	 of	
marine	aquaculture,	polycentric	responses	to	emerging	problems,	and	MSP	to	each	other	and	to	
systemic	 goals	 for	 marine	 governance	 could	 more	 emphatically	 encourage	 continual	 public	
discussion	about,	re-evaluation	of,	and	experimentation	with	uses	of	the	marine	environment	as	
the	ocean	changes.	The	State	of	Washington	on	the	United	States’	Pacific	coast	can	provide	an	
illustrative	 example.	When	Washington	 completed	 its	MSP	 recently,	 it	 simply	 concluded	 that	
existing	aquaculture	installations	precluded	most	future	wind	development	in	state	waters	[79].	
What	if,	instead	of	being	the	end	result	of	the	MSP	process,	this	and	similar	conclusions	became	
the	 beginning	 of	 the	 next	 round	 of	 public	 discussion?	 For	 example,	 acknowledging	 that	 the	
preclusion	 of	 offshore	 wind	 undermined	 a	 desirable	 systemic	 goal	 of	 marine	 governance	
(promotion	of	renewable	energy),	Washington	law	might	require	the	relevant	state	agencies	to	
then	 convene	 further	 public	 discussions	 regarding	 whether	Washington	 should	 nevertheless	
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pursue	 offshore	 wind	 development	 in	 its	 coastal	 waters	 and,	 if	 so,	 how	 offshore	 wind	 and	
aquaculture	might	accommodate	each	other.	Such	discussions	might	in	turn	prompt	members	of	
the	 two	 industries	 and	 research	 institutions	 to	 collaborate	 on	 an	 experimental	 co-located	
facility—a	 small	 wind	 farm	 constructed	 to	 support	 one	 or	 two	 types	 of	 aquaculture	 [4].	


















security,	 how	 and	 where	 to	 expand	 that	 industry	 is	 inherently	 a	 governance—and	 often	
specifically	legal—issue.	Given	the	realities	of	the	Anthropocene	and	the	inherent	adaptability	of	
marine	aquaculture,	governments	should	be	 looking	 for	ways	 to	promote	 legitimate	adaptive	
governance	in	marine	aquaculture.		
	
	 While	 innovation	 in	 substantive	 law	 can	 help,	 coastal	 nations	 should	 pay	 increasing	
attention	 to	 the	 legal	 procedures	 of	 marine	 governance,	 especially	 MSP.	 Attention	 to	
procedure—specifically,	 to	 ensuring	 broad,	 representative,	 and	 actual	 participation	 by	
stakeholders,	continuing	dialogues	that	 foster	trust,	and	transparency	 in	decision-making	that	
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Engineering	 Resilience:	 The	 capacity	 of	 a	 system	 to	 resist	 or	 bounce	 back	 from	 a	 shock	 or	
disturbance,	that	is,	to	maintain	an	existing	state	or	to	re-establish	its	previous	state.	
	
Environmental	 Governance:	 The	 specific	 governance	 mechanisms	 “related	 to	 society’s	
interactions	with	natural	systems”	[25:	3].	Such	mechanisms	can	take	a	variety	of	forms,	ranging	
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